Many attempts have been made to evaluate the buckling loads of plates with various support conditions to predict the strength of plate girders. These attemps have been based on the assumption that the deflections of webplates are relatively small compared with the thickness of the webplates. Due to this assumption, many inappropriate results have been obtained, and the current design practice of plate girders is still based on these results. For this reason, many experimental investigations, and theoretical investigations based on the large deflection theory of plates have been performed.
I. INTRODUCTION
Unlike columns, the existence of significant strength of plates in their postbuckling range has been known as a fact. The first mathematical formulation was undertaken by von Karman1),2) to account for the effect of large deflection of plates. Skaloud and Donee investigated the effect of residual stresses on the post-buckling behavior of plates, in which it was indicated that the residual stresses may sometimes result in a real prestressing effect in shear panels. Stein4) ,5) employed a method similar to a perturbation method in his analysis of simply supported initially flat plates subjected to longitudinal compression and to a uniform temperature rise, respectively.
Mansfield made use of a method similar to Stein's in his analysis of a compressed square plate6),7).
On the other hand, an extensive experimental investigation on welded plate girders was undertaken by Basler and the others8) , 9) ,10) ,11) . As a result, the concepts of load carrying capacity were established. In a panel subjected to bending moment, some portion of webplate in the compression zone is assumed to offer no resistence to the bending moment; whereas, in a shear panel, a diagonal tension field is assumed in such a way that the flanges do not provide the anchor to this tension field.
The purpose of this study is to analyze the behavior of rectangular plate girder panels subjected to the load beyond their buckling load, and to investigate the significance of the buckling load in reference to their ultimate load. The specific interests of the study include the effects of the initial deflection of webplates, the residual stresses, the rigidities of boundary members, and the yield strength of steel. II .
PROPOSED ANALYSIS Fig. 1 shows a plate girder panel system consisting of a rectangular webplate, two flanges and two vertical stiffeners. This panel system is assumed to remain linearly elastic until the yielding initiates.
The proposed analysis requires solution of the displacement components u(x, y), v(x, y) and w(x, y) in x-, y-, and z-directions, respectively. The kinematic indeterminacy of the system is six, of which three refer to the displacement components u(x, y) and v(x, y); while the other three refer to the displacement components w(x, y). To eliminate the rigid body motion, it is assumed for convenience that (2.1)
The torsional buckling of the compression flange and the lateral buckling of beam are not explicitly considered in this paper. Then, the flexural rigidities of the boundary members about their strong axes are so large that it can be as sumed that (2.2) where the subscript s refers to a length measured along the boundaries. Similarly, due to the existence of the adjacent panels, the flexural rigidities of stiffeners about their weak axes are so large that it can be assumed that along edges and (2.3)
Then, it follows from Eqs. (2.1), (2.2) and (2.3) that * Throughout this paper, (z) and (,zz) refer to the first and second partial derivatives of certain function with respect to a variable z, respectively, unless otherwise referred to. One relates the torsion of the plate element to the bending of the boundary member element; while another relates the bending of the plate element to the torsion of the boundary element. From the mechanical model considered here, only the latter needs to be considered. For instance, the boundary conditions along x=0 are given as follows: .10), and the boundary conditions using the stress-displacement relationships result in several sets of linearized partial differential equations expressed in terms of polynomial series of 4. The terms corresponding to the first power may be identified as those which can be considered in the usual small deflection theory of plates.
The terms corresponding to the second power will be found to introduce the first approximation to the large deflection of plates.
Solutions of additional higher power will give the second and then higher approximations.
In this paper, consideration will be limited only up to the third power because of great complexity involved in the solution process for the powers higher than the third. Besides, it must be kept in mind that the consideration of higher power terms does not guarantee greater accuracy. Fig. 2 is converted into sets of discrete points as shown in Figs. 6(a) through 6(c). In these figures, N designates the size of mesh point system, or the number of mesh lines in one direction inside the domain of the webplate.
It is to be noted that three unknowns, namely, u(x, y), v(x, y) and w(x , y) correspond to one grid point. It is seen that the total number of unknowns on this N x N mesh point system is or from the cumulative error associated with the finite differences. The ex- furthermore, the deflectional surface is of typical three half waves peculiar to the shear problem. Fig. 15 shows an in-plane displacement configuration in test girder B-Q. The panel is seen to deform into a parallelogramic shape.
The results of computations are shown in Tables 2, 3 and 4. In these tables, the ultimate loads of the test girders are predicted using 5 x 5 mesh point system and the single interval of approximation of the load-displacement curves.
In Table 2 , Due to shear load, r. 4. The contribution of the 3rd power terms in the plate bending stress components is approximately in the same order of those corresponding to the 1st and 2nd power terms, 5. Larger initial deflection causes more curved load-displacement and loadstress relationships, 6. Larger initial deflection causes larger deflection in the webplate. The inplane displacement components, however, are not significantly affected by the initial deflection, 7. The pattern of the initial deflection does not necessarily cause a similar deflectional shape of webplate due the loading, 8 . Larger boundary rigidity leads, in general, to more stable behavior of girder panels in the post-buckling range. However, excessive reinforcement of the boundary members does not prove to be beneficial in the case of shear panels, 9. The larger the yield strength of steel is, the larger the post-buckling strength of the panel becomes, 10 . The proposed analysis can take into account several bucklings by removing the rollers supporting edge y=b and using appropriate boundary conditions, and by using the multiple intervals of approximation of the load-displacement component curves. 
